
HIGH TEMPERATURE THERMOCOUPLE 
RESEARCH AND DEVELOPMENT PROGRAM 

MONTHLY PROGRESS REPORT NUMBER - 7 

Contract Number NAS 8-5438 
Period 1 December 1963 to 1 January 1964 

Request Number TP 3-83'547 

\ 

prepared f o r  
GEORGE C. MARSHALL'SPACE FLIGHT CENTER 

Huntsville, Alabama 
0 

work perf orrne&:fby 

S251West ImpePial Highway 
Loa Angeles , California 90045 

AUTO-CONTROL LABORAT~RIES, INC . 

Date o f  Ptiblioationt I 10 January 1964 , 
. .  . I  

7 ,  

i .  
. .  

. . a  . , + . .  . . , . .  . .  . .  
I. 'I ! .  ; 

Prepared By: 
Section Head, Environmental Components 



Report No, T-1097-7 

ABSTRACT A 

This  report covers the period 1 December 1963 t o  1 January 1964, under 
Contract NAS 8-5b38, which calls for twelve months of research and . 
development of a high temperature thermocouple capable of measuring 
rocket engine exhaust temperatures in the 3000.C range, under adverse 
conditions of oxidation, erosion, vibration and shock. 

The'primary objectives of the program are t o  advance the  state-of-the-art 
of high temperature thermometry, and t o  develop an end product suitable 
f o r  in - f l igh t  temperature measurements on the  SATURN vehicle. 

L Work during the current reporting period w a s  directed pr incipal ly  t o  

made for s t a r t i n g  fabricat ion of t he  second group of three gauges 
scheduled for delivery t o  N.A.S.A, on 17 February 1963 

L 

oxidation tests,  response tests, and cal ibrat ions,  Preparations were . J  
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SECTION I , 

SUMMARY 

Period Covered 

This report covers the period 1 December 1963 t o  1 January 1Q6Y, 

Statement of Work 

The Contractor s h a l l  advance the state-of-the-art  of high tempera- 
t u re  thermometry and specif ical ly  improve the technique of accurately 
measuring high temperatures by designing, fabricating, tes t ing,  and 
delivering nine ( 9 )  thermocouple probes capable of operation i n  the 
3000°C temperature range under adverse conditions of erosion, 
oxidations and high s t r e s s  levels f o r  useful periods of time. Also, 
present methods of thermocouple probe fabricat ion w i l l  be modified 
such tha t  the end product w i l l  be su i tab le  f o r  in - f l igh t  temperature 
measurements on the SATURN vehicle. 

To accomplish the above objectives, t he  Contractor e h a l l  consider 
and explore spec i f ic  R&D ef for t s  as follows: 

a. Development of t h e  physical s t ruc ture  of an imnersed probe t o  
a t t a i n  minimum drag and highest resistance t o  bending and shear 
forces . 

b. Ascertain the best  combination of ingredients in the  protective 
. coating of the probe t o  extend the term of oxidation resistance.  

c. Determine the best  combination of compensated lead wires for use 
with the immersion type probes. , , 

Incorporate latest state-of-th @art materiels as pott ing and d. 
seal ing elements in thebbb8seh 4 the probe, 

, .  
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1.1 Statement of Work Cont.... I 

e. Determine effects  of reactions between oxide coatings and 
tungsten i n  re la t ion t o  the  emf output 

f. Establishment of ra tes  of erosion f o r  d i f fe ren t  types of 
refractory coatings such as tungsten d i s i l i c ide ,  carbides and 
cermets when subjected t o  high velocity, high temperature gas 
streams. 

1.2 Progress 

Accomplished during the current reporting period were: 

a. Response Tests 

Response t e s t s  performed a t  ACL yielded resu l t s  much be t t e r  
than had been anticipated. 
temperature change from room y $ e n t  a i r  t o  boiling water i n  45 
milliseconds. . Y. .̂..*. 

One Type 4735 gauge responded t o  the  

b. Lead Wire Comparison Tests 

These t e s t s  showed conclusively tha t  appreciable errors ,  pre- 
viously suspected as being due t o  spurious emf's contributed by 
lead wires, do in f a c t  exist. Such errors  are much la rger  w i t h  
some types of lead wires than 

c. Oxidation Tests 

One Type 4735 gauge was run t o  destruction i n  an oxy-acetylene 
burner, a t  temperatures from 2000'F t o  more than 4000'F. This 
gauge had been coated wi th  tungsten d i s i l i c ide .  
t h i r t y  e ight  minutes run time was accumulated from 2500.F t o  
3SOO'F. 
from 3SOO'F t o  approximately 4SOO'F. 

A t o t a l  of 

Failure occurred i n  the same gauge a f t e r  s i x  minutes 

d. Insulators 

ACL has, from time t o  time, conducted tests of coaxial thermo- 
couples i n  which no insulation was employed in t he  t i p .  
t o  date indicate tha t ,  with proper spacing, error8 thus induced 

Results 
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Progress Cont.... 

d. Insulators Cont.... 

may be tolerable. 
be so constructed, because of the  discouraging results of the 
search for good high temperature insulators. 

The second generation Type 473s gauges w i l l  

e.  Preliminary Design, 2nd Generation Gauges 

A preliminary design for the second generation gauges has been 
are discussed in Section III of 

this  report. 

, . I  . 
. '  ' 

tentatively selected. Changes 
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SECTION I1 

2.0 General 

PAST PROGRESS 

Previous effort was reported in ACL Progress Reporto T4097-1 
through T-1097-6. 

2.1 Prototype Design and Development 

As was previously reported, objectives f o r  the first prototypes 
were limited t o  t h e  40OO0F - ICS00"F range i n  the  in t e re s t  of 
accumulating t e s t  data f o r  analysis, t h e  r e su l t s  t o  be u t i l i zed  i n  
future design . 
A design approach f o r  the prototype gauges was selected,  and drawings 
prepared, de ta i l ing  means of fabrication and assembly. 

Investigations made in to  fabrication techniques involved i n  working 
vapor deposited Tungsten, resulted i n  improved material handling 
techniques. 

Shock and vibration t e s t s ,  performed on a prototype mock-up, resulted 
i n  a conclusion tha t  t h e  sheath material  was in t r in s i ca l ly  capable 
of withstanding the  specif ied shock and vibration requirements. 

. Samples of various types of compensation lead wires were ordered f o r  
t e s t  and evaluation. 

An evaluation of the SRI calibration tests f o r  ACL Type 4734 gauges 
was made, resul t ing i n  a conclusion t h a t  an optimum immersion depth 
might be i n  the order of 1-1/2 inches i n  an .isothermal region. 

I 

The two Type 4734 gauges tested by N.A.S.A., and returned t o  ACL were 
examined, and results of the  examination were reported. 

. .  . .  
. . .  

. .  . .  . .  
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2.1 

Investigations of oxidation res i s tan t  coatings were continued. 
Accumulated data was reviewed, and tabulated for comparison and 
reference. 

Prototype Design and Development Cont.... 

A tes t  of a %o-insulation" approach was s ta r ted ,  but was aborted 
due t o  a f a i lu re  i n  the test oven. 
continued. 

Such tests were subsequently 

Three prototype gauges were delivered t o  M-ASTR-I, on 17 October 1963, 
fo r  t e s t  and evaluation. Calibrations of t h i s  type of gauge indicated 
a s h i f t  i n  emf output t o  a higher value than tha t  shown i n  previous 
calibrations.  
by the "compensated" lead wires. 

The s h i f t  w a s  believed due t o  a spurious emf contributed 
The curves, however, Daralleled 

the curves taken by Southern Research I n s t i t u t e ,  as w e l i  as those 
predicted by ACL . 
Further tests ver i f ied t h e  presence of lead wire errors.  

Analyses of form and shock drag loads were made. 
considered i n  future design. 

The results will be 

. .  
. .  , 

Page 5 
f 



Report No. T-1097-7 

SECTION I11 

* .  * 

CURRENT PROGRESS 

3.0 General 

Effort  during the current reporting period was directed pr incipal ly  
toward response t e s t s ,  calibration t e s t s  to.determine t h e  effect of 
different  types of lead wire, and oxidation tests. 

3.1 Progress . .,, I.. 

3.1.1 Response Tests 

Response of the gauges developed under t h i s  contract  has been a 
matter of deep in t e re s t ,  because of t h e  necessity of providing 
response compatible w i t h  t h e  overal l  loop control and indication 
character is t ics  of associated systems. 

3.1.1.1 Definition of Response 

. . Response is defined as  the time required t o  achieve 6 3 . a  of a s t e p  
increase i n  temperature, under  s t ipulated conditions of the media, 
and the mass velocity i n  the  m e d i u m  of t h e  s t e p  change. 

3.1.1.2 Discussion 

In the background of t h i s  project ,  as  w e l l  as i n  many previous 
projects,  response, and i ts  measurement, has a t  times become a 
highly controversial  subject. The controversy has usually resul ted 
from a fa i lure ,  by both par t ies ,  t o  adequately define response 
i t s e l f  as meaning a change t o  63.2%, 95%, or 100% of t h e  s tep  
function, and fur ther ,  a f a i lu re  t o  define,  o r  misunderstanding 
of the character is t ics  of t h e  medium i n  which the sensor is a t  a 
s t ab le  condition and the medium i n  which the response measurement 

. .  
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3.1.1.2 Discussion Cont.... 

. .  

is  t o  be made. 
They may be a t  the same velocity,  or their  veloci t ies  may be 
different.  They may have the  aame mass or not, as the case may 
be. I t  is of prime importance tha t  the various parameters 
described above be well defined because, f o r  a given probe 
configuration; i . e .  open, enclosed, grounded, or insulated,  
response under various combinations of t h e  above may vary widely. 

In most cases, the designer i e  required t o  attempt t o  provide t h e  
most rapid response possible. He must,  therefore,  carefully con- 
s ider  the means available t o  him f o r  designing a probe tha t  has 
the ab i l i t y  t o  perform its intended function of operating within 
some specified temperature range, t o  withstand t h e  e f fec ts  of the 
media i n  which operation i s  intended, t o  survive the dynamic loads 
imposed by t h e  medium i f  moving, and the ins ta l la t ion ,  t o  respond 
t o  the s tep  temperature change i n  the required time, t o  continue 
t o  operate f o r  a useful period of t i m e ,  and f ina l ly ,  t o  be capable 
of the maximum number of repeated cycles of operation. 

These may be the same.,ar they may be different.  

I 

The velocity of the medium and its mass may be combined i n  t h e  
term, mass velocity,  as for example, lbs/ftZ/sec. 
character is t ics  affecting response; such as coefficients of 
thermal conductivity of the materials,  t h e i r  thermal resistances , 
a t  interfaces ,  thermal capacit ies,  f i lm coeff ic ients ,  e tc . ,  m u s t  
be considered individually and collectively as regards t h e i r  
e f fec t  on response. 
the other operating conditions. 
of the inter-relationships of a l l  t he  design considerations, as  
well  as the many assumptions tha t  m u s t  be made, calculations of 
response must be regarded skeptically 'unt i l  proved by t e s t .  On 
the other hand, a large body of data ex i s t s  regarding response 
of a large number of different  types of thermocouple probes i n  
various media. These data a re  very useful i n  estimating the 
response of new types of probes, as  w e l l  as i n  verifying resu l t s  
obtained from t e s t s .  

The other 

Trade-offs a r e  normally required t o  meet 
Because of the extreme complexity 

I n  previous tests a t  N.A.S.A., two ACL Type 4734 gauges were tes ted  
i n  a sca le  rocket motor. 
conditions of the tes t , -was estimated by tes t  personnel a t  250 
milliseconds. 
no value has been, t o  ACL knowledge, assigned. 

Response of these probes, under the 

The mass velocity must have been quite high, although 

. .  . .  
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3.1.1.2 Discussion Cont.... 

M-ASTR-I personnel had previously assigned a maximum of 500 ms, 
w i t h  250 m s  as an objective. 
seemed t o  indicate tha t  the ACL probes could meet the response 
requirement, ACL could not verify the 250 m s  estimate because a 
sui table  means of reproducing the M-ASTR-I t e s t s  was not available.  
Therefore, a search was made of specification requirements used i n  
the  missile industry t o  establish response. 

Although the t e s t s  mentioned above 
* 

. 
' 

Two specifications+ were selected, both of  whioh used the  same 
technique f o r  simulating conditions of use, but a t  much lower 
temperature and stress levels . These means consisted of plunging 
the gauge from room ambient a i r  in$6 water with a velocity of 
3 f e e t  per second i n  one case;-and-into agitated boiling water i n  
the other. 
3 ft/eec. 

* 

ACL selected the method employing boiling water a t  
Results of the  tes t s  are described below. 

3.1.1.3 Response of ACL Type 4735 Gauge, Procedure 

The t e s t  probe w a s  f i t t e d  with two seta  'of W-W26Re compensated 
lead wire, as used i n  the lead wire t e s t s .  (Harco Laboratories 
and Minneapolis Honeywell). The lead w i r e s  were connected t o  a 
dpd t  switch, and copper extension wires were, in turn connected 
t o  the indicating or  recording instrument. The t e s t  s e tup  is 
shown schematically i n  Figure 1. 

The f lask was f i l l e d  t o  approximately SO0 m l w i t h  tap water and 
subjected t o  f r ee  boiling. The output of the  thermocouple was 
s tab i l ized  a t  room temperature, 80.F k5.F. The probe was then 
rapidly inserted in to  the boiling water t o  a depth of approximately 
I", and permitted t o  remain fo r  15 seconds. 
and permitted to s t ab i l i ze  a t  room temperature i n  preparation f o r  
the next rum. 
correl la ted against  an open junction, 24 AWG themocouple. 

It was then removed 

Four successive runs were made, and these were 

*Aerojet-General Corporation, Component Specification, Thermocouples, 
General Specification for ,  AGC-42136B, Amend. 1 

.Rocketdyne, Specification ETI-3-004, and Amendments. 
Rocketdyne Spec. Control Dwg. SK-9420 

' 
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3.1.1.Q T e s t  Results 

Copies of typical visicorder recordings a re  shown i n  Figure 2. 
Response of the Type 4735 gauge measured 45 milliseconds. The 
response of the bare wire thermocouple was 80 milliseconds under 
the same conditions. 
was confined t o  a s tep  temperature r i s e ,  ra ther  than t o  a discrete 
level.  As was expected, there was no difference between r e su l t s  
from the different  lead wires. 

A comparison was made between re8pon88, 18 obtained during the 
ACL t e s t s ,  and standard, publiehed response curves comon on the 
ar t .  See Figure 3. 

No reference' junction was used because in t e re s t  . 

The bare wire thermocouple is common t o  both curves. The response 
of the bare w i r e  thermocouple, plotted as measured by ACL, shows 
tha t  the velocity of the agitated boiling water was about 7 ft/sec 
i n  the ACL t e s t .  
is plotted on a two cycle logarithmic graph, the response of the  
Type 4735 gauge can be estimated a t  about 70 milliseconds for a 
water velocity of 3 ft/sec. 

If the l ine  representing t h e  slope of the response, 

3.10105 Conclusions 

It is concluded, as a resu l t  of these response tests, t h a t  t h e  ACL 
Type 4735 gauges, i n  prototype form, as delivered t o  M-ASTR-I, are 
capable of meeting t h e  250 millisecond response objective. An 
interest ing poss ib i l i ty  presents i tself  i n  tha t  a considerable l a t -  
i tude i n  t i p  design is possible, should an increase i n  mass be 
required because of strength or oxidation resistance. 

3.1.2 Leadwire Calibration Tests 

3.1.2.1 Test Method 

- One objective f o r  the cur ren t  reporting period was t o  determine 
the e f fec t  of d i f fe ren t  types of compensated lead wire on the 
output of the Tm'e 4735 gauges. It had been noted, in previous ' 
t e s t s ,  t ha t  an appreciable difference i n  output level ,  a t  discrete 
temperatures, existed between ACL Type 4734 gauges and Type 4735 . 

. .  . I  . 
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3.1.2.1 Test Method Cont.... 

gauges. 
same temperature. 
a Type 4735 gauge was f i t t e d  with two s e t s  of compensated lead 
wires. One set was Harco #20 AWG alloy 200 and alloy 226, the 
other was Minneapolis Honeywell #16 AWC, P/N SS-136-32. 
w i r e  is comprised of two different copper-nickel alloys. 
M-H wire is comprised of copper-nickel a l loy on the  negative leg,  
w i t h  copper on t h e  posit ive leg. 
the M-X wire, and Harco lead wire wae ueed in the Type 4735 gauges. 

T h i s  difference appeared as  an increase i n  output f o r  the 
To determine whether t h i s  difference d id  ex i s t ,  

The Harco 
The 

The Type 4734 gauges employed 

Each s e t  of leads was run out t o  an ice-bath reference junction, 
t o  a dpdt switch,  then through copper leads,  t o  an L & N potentio- 
meter. When a s tab i l ized  temperature was reached, the output was 
read f o r  both types of leads, and recorded. 

3.1.2.2 Test Results 

The temperature - emf p lo t  i n  Figure 4 shows the results of t h i s  
t e s t .  When the resu l t s  of the Southern Research Ins t i t u t e  calibra- 
t ions run on t h e  ACL Type 4734 gauges a re  plotted against  the 
Type 4735 calibrations,  the difference between the two types of 
lead wire is evident. See Figure 5. 

3.1.2.3 Conclusions 

It is concluded tha t  i n  a t  l ea s t  the two types of compensated lead 
wire tested,  there is an appreciable difference i n  output-of the 
Type 4735 gauge. The difference between t h e  output of the M-H wire 

’ and the gauge, as compared with t h e  Harco gauge, is l ess .  The M-H 

is believed tha t  the e r ror  is a t t r ibu tab le  t o  a spurious emf gener- 
ated between the W and W26Re and t h e i r  associated lead wires. The 
most desirable condition would exist where lead wires of the same 
materials as the  thermocouple are used. ACL is now proceeding t o  
devise means of accomplishing t h i s  arrangement. Certain technical 
d i f f i c u l t i e s  m u s t  be overcome, however, before the use of tungsten 
is practical .  Most serious among these is the  br i t t l eness  of the  

wire more nearly.approximates the predicted ca l ibra t ion  curve. . I t  . .  . 

Q 
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3.1.2.3 Conclusions Cont.... 

tungsten wire because of recrystal l izat ion during brazing o r  

quite f lex ib le ,  however, a t  its junction with the sheath its - 
reaction to shock and vibration might preclude i ts  use. 
on t h i s  aspect of the project w i l l  be given i n  the next report. 

welding t o  the sheath. Small  diameter (-020) tungsten w i r e  $s I .,’ 

Progress . 

3.1.3 Oxidation Tests 

One Type 4735 sheath assembly, previously used i n  lead w i r e  
cal ibrat ions,  and response t e s t s  was subjected t o  oxidation t e s t s  
w i t h i n  the temperature range of the cal ibrat ions,  
cal ibrat ions,  the  gauge w a s  run t o  destruction i n  an oxy-acetylene 
burner. 
evidence of deterioration. 
data during t h i s  t e s t  t o  check t h e  resul ts  obtained by SRI during 
t h e i r  burner t e s t s .  However, due t o  inadvertent melting of a 
lead wire, any such data would be doubtful and is being disregarded. 
Qual i ta t ively,  however, it may be‘said t h a t  the thermocouple continued 
t o  operate t o  a t  l e a s t  4500’F. 
minutes. The temperature was then increased t o  about U600°F, as 
observed with the opt ica l  pyrometer. After s i x  minutes, the t i p  
of the gauge oxidized away. 
t h e  t i p  of the probe during t h i s  t e s t .  

Following the 

After each cycle of running, the gauge was examined f o r  
I t  had been planned t o  record output . 

A t  30OO0F, the  exposure w a s  f o r  38 
, 

Elec t r ica l  insulat ion w a s  not used i n  . 

Microscopic examination of t h e  probe t i p  showed the typ ica l  glassy 
. material  (SO) associated with tungsten d i s i l i c i d e  . Under these 

conditions, the s i l i coniz ing  process apparently doubles the  l i f e ’  
of the probe, as compared with an uncoated probe. 

3.1.U Preliminary Design, 2nd Generation Gauges 

The gauges t o  be delivered next w i l l  be very s imi la r  to the first 
articles except i n  three  s ign i f i can t ,de t a i l s ;  electrical insulat ion,  
lead wire, body design. These are discussed below. ’ 

I .  f l s (  

.. 
*” w... ffi-w I* i 
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3.l*b.l  Electr ical  Insulation 

The decision t o  employ no insulation i n  the  probes was made a f t e r  
reviewing the resu l t s  of ACL tests, l i t e r a t u r e  search f o r  high 
temperature insulators,  and after a review of investigations per- 
formed by others* working i n  t h i s  same f i e ld .  
ACL's  best knowledge, has yet found an e l e c t r i c a l  insulator  suit- 
able f o r  use i n  t h i s  project .  

. 
No researcher, t o  

, 

3.1.4.2 Lead Wire 

I ACL plans t o  employ e i ther  Minneapolis Honeywell compensated lead 
wire, or Tungsten and Tungsten 26 Rhenium wire. This decision was 

. made on the basis of the lead'wire t e s t s  described elsewhere i n  t h i s  
report .  I f  current work establishes its prac t ica l i ty ,  t he  thermo- 
couple materials w i l l  be used. 
used. 

Otherwise, t he  M-H material  w i l l  be 

0 3.1.4.3 Body Design 

I t  is planned t o  reduce the overall  dimensions of the gauge body, 
w i t h  par t icular  emphasis on reducing length. It is f e l t  that  the 
present Type 4735 bodies present an unfavorable condition as regards 
reaction t o  shock and vibratory forces. 

* K i w i  Project ,  Nema Project 

#- 

. .  I 
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- SECTION N 

PROGRAM FOR NEXT INTERVAL 

4.0 Objectives for the in terva l1  January 1964 t o  1 February 1964. 

a .  Continue calibrations and oxidation t e s t s .  

b. 

c.  

d. Continue lead wire tests. 

Proceed with design and fabrication of second generation gauges. 

Prepare for delivery of gauges t o  M-ASTR-I, on 17 February 1964. 

Page 18 * ' 
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SECTION V 

STATEMENT OF MAN HOURS 

5.0 Hours by Category 

Cat e gory Previous 
Periods 

. .  

Current 
Period - 

Engineering 475.50 
Clerical 109.00 
Fabrication 382 00 
Consulting 1 5 * 5 0 ,  
Drafting s1,oo 

I 

Report No, T-1097.7 

152.50 
6.50 
40 SO 

5.00 
-0- 

To 
Date - 
628.00 
115.50 
622.50 
20.50 
51.00 
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